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Motivation for Radiation-Hard Scintillator and WLS Fiber 

Development

What are we looking for?

V Compact

V High light yield

V High resolution

V Radiationresistant

V Fast

V Cost effective 

scintillators.

Future and upgradecolliders impose unprecedentedchallengeson the radiation-

hardnessof the activemediaof the calorimeters. Scintillatorsplay a centralrole as

theactivemediumof calorimeters.

FCC-hh

500 Grad

@ 30 ab-1



Commercially Available Scintillating Materials:

Å Polyethylene Naphthalate(PEN)

Å Polyethylene Terephthalate (PET)

PEN:

V Intrinsic blue scintillation (425 nm)

PET: 

V A common type polymer

V Plastic bottles  and as a substrate in thin film 

solar cells. 

V Emission spectrum of PET peaks at 385 nm 

[Nakamura, 2013]

PET

PEN

Intrinsically Rad-Hard Scintillators
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HEM/ESR: sub-µm film stack of Poly(Ethylene-2,6-Naphthalate)/PEN, 
polyester, polyethylene terephthalate (PET): intrinsic  blue scintillation!

425 nm; 10,500 photons/MeV; ΧΦ            

Intrinsically Rad-Hard Scintillators
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100 MRad(1 MGy) Radiation Resistance!
N. Belkahlaa et al., Space charge, conduction and photoluminescence measurements in gamma  irradiated 

poly (ethylene-2,6-naphthalate) Rad. Physics & Chem,V101, August 2014 

Abstract: Polyethylene naphthalate(PEN) thin films were subjected to gamma rays at  different doses and 

changes in both the dielectric and photophysicalproperties were investigated.  Samples were irradiated in 

air at room temperature by means of a60Co gamma source at a dose rate of ~31Gy/min. Total doses of 

650kGy(344h) & 1023kGy(550h) were adopted. The high radiation resistance of PEN film is highlighted.

Intrinsically Rad-Hard Scintillators - PEN
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http://www.sciencedirect.com/science/article/pii/S0969806X14001108
http://www.sciencedirect.com/science/article/pii/S0969806X14001108#aff0005
http://www.sciencedirect.com/science/journal/0969806X/101/supp/C


Beam Test Results

Timing Light Yield

PEN

PET

PET Ą Light yield MPV 20 fC

PENĄ Light 

yield MPV 30 fC

Å PET is faster but emits less light. PEN is radiation 

resistant up to 10 Mradand it has a significant 

light yield but it is too slow.  

Laboratory 

Measurements
150 GeV muons 
@ CERN



=ʁ0.10
Ly=0.86

=ʁ0.57
Ly=1.11

PEN Performance in Beam Measurements

We tested 2 - 4 mm thick PEN and PET tiles read out 

with green wavelength shifting fibers with 150 GeV

muons.
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New SiX Scintillators

ÅThe scintillators have a base 
material, primary fluor, and 
secondary fluor. 

ÅThe main scintillation comes 
from the primary fluor.

ÅThe secondary fluor, or 
waveshifter, absorbs the 
ǇǊƛƳŀǊȅΩǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǊŜ-
emits to a wavelength that is 
desirable for optimum 
efficiency.

Secondary Fluor (bis-MSB) 
Absorption/Emission Spectra

Good PMT QE 
and low self-
absorption, 
thus a maximal 
efficiency
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SiX Production
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Scintillator-X response to 150 GeV muons
SiPMdirectly coupled to dimple (Hamamatsu S12572-010)
Tile size 3 cm x 3 cm
Select the muons passing through the tile and 1 mm away from the SiPM

Fit to a Gaussian + Landau

SiX in Test Beam

Gain ~ 50 fC

~ 18 pe

~ 14 pe

11



Tests with Direct PMTCoupling

Á Tiles tested: clean quartz, PEN and SiX-1

Á Beam: Fermilab 120 GeV proton beam

Á Readout: Hamamatsu R7600U-200 directly coupled tothe
edge ĄScope

Tile PMT
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Single tile withreflective
wrapping

5 tiles with nowrapping

5 tiles with individual  
reflectivewrappings

1 mm clean quartztiles

CleanQuartz

5 tileswith  
wrapping

5 tiles  
without  
wrapping
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FW @ 1/10 ~ 10ns



SiX-1

Small sample: 2 cmx  
3 cm x 6mm

The edge coupling  
the PMT ispolished.

Noreflective
wrapping.

FW @ 1/10 ~ 15ns

Tile PMT 22
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Radiation Tests



New SiX Scintillators

Lose only 7 % transmission after 40 Mrad proton radiation 



New ñSiXò Scintillators

Almost no change on emission and absorption after 
irradiation 


